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Introduction
The LHCb detector is one of the four main detectors that operate at the Large Hadron Collider (LHC) at CERN. The LHCb detector consists of a single-arm forward spectrometer operating in the region of pseudorapidity, 1.9 < η < 4.9. The detector was originally designed to study the production and decay of hadrons containing b and c quarks and indirectly probing the strength of the Standard Model (SM). The LHCb detector is now playing a fundamental role also in other areas of research, such as direct searches of rare SM decays and exotica. Exotica searches at LHCb primarily consist in Higgs physics and direct searches for beyond the SM particles. Many theoretical models predict the existence of new particles: their existence can be detected either directly through the production of on-shell particles or indirectly through virtual contributions in loop processes.
During Run I of the LHC, LHCb recorded data at a centre of mass energy (s) = 7 TeV (for 2010 and 2011) and 8 TeV (for 2012) corresponding to an integrated luminosity of 1.0 and 2.0 fb −1 respectively. The SM is an incomplete theory. Not only the SM is in conflict with the observations of non-zero neutrino masses, the excess of matter over antimatter in the Universe, and the presence of non-baryonic dark matter but it also presents a number of fine-tuning problems (such as the hierarchy and strong CP problems). Beyond the SM (BSM) physics has been searched for at the LHC without success so far. Nevertheless LHCb is an ideal experiment to probe unique regions BSM phase space thanks to the detector unique particle identification capabilities, precise secondary vertex reconstruction and accurate measurements of lifetime, momentum and invariant mass. Throughout this document charge conjugation is implied unless explicitly stated otherwise and c = 1.
Search for Majorana Neutrinos in
The nature of neutrinos in the SM has not been defined yet: neutrinos could either be Dirac fermions or their own antiparticle. In the latter case they are called "Majorana" particles [1] . † Imperial College London. Some of the most economical theories that can account simultaneously for neutrino masses and oscillations, baryogenesis, and dark matter, extend the SM by requiring the existance of a fourth neutrino generation. Since a fourth neutrino generation can couple with SM particles there exist many ways of searching for such particles, one of them being the neutrino-less double β decay. The approach followed by LHCb is different and complementary, which performs a direct search in heavy flavour decays, similar to what has been done in the past [2] [3] [4] [5] .
The LHCb experiment has performed many studies for Majorana Neutrino produced in B − decays, probing a wide range of masses and lifetimes; these searches were performed for the lepton flavour violating decays B − → h + µ − µ − , where h is a hadron. These types of decays are prohibited by the SM but can happen thanks to production of on-shell Majorana neutrinos. The LHCb collaboration published three papers using different final states and different data sets: [6] . [7] .
• h + = π + , with 3.0 fb −1 (
This proceedings will concentrate on the latter paper, being the most recent of the three. A Feynman diagram for the lepton number and flavour violating decay B − → π + µ − µ − is shown in Fig. 1 . This decay is prohibited by the SM but can happen thanks to production of on-shell Majorana neutrinos, it has been chosen as it is one of the most sensitive way to look for Majorana neutrinos in B decays [8] . This decay, which has been theoretically modelled in Ref. [9] , is sensitive to contributions from both on-and off-shell Majorana neutrino. More specifically if the mass of the Majorana neutrino, m N , is smaller than m B − m µ then it can be produced on-shell with a finite lifetime in the detector. If, on the other hand, m N is larger then it can still contribute to the decay as a virtual particle.
The selection is designed to maximise the efficiency squared divided by the background yield. This allows for decay products to be detached from the B − decay vertex, therefore τ N can span from few picoseconds up to ∼ 1000 ps. Because for lifetimes ∼ 1 ps, the π + µ − vertex can be significantly detached from the B − decay vertex two different strategies are used: one for short τ N (S) and another for τ N up to 1000 ps (L).
In order to reduce the systematic uncertainty and to convert the yield into a branching fraction, the normalisation channel B − → J/ψ K − (with J/ψ → µ + µ − ) was chosen. For the 
Where S L indicates the two different data samples one for short τ N and another for τ N up to 1000 ps. Peaking backgrounds are (green) shaded. The dotted lines show the combinatorial backgrounds only. The solid line shows the sum of both backgrounds [8] .
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Upper limit S category and the normalisation channel the µ − µ − π + candidate combinations must, when reconstructed, form a common vertex. For the L category the π + µ − pair can be significantly displaced from the B − vertex. A B − candidate decay vertex is searched for by tracing back a neutrino N candidate to another µ − in the event, which must form a vertex. Figure 2 shows the mass spectra for the selected candidates. No signal is observed in both the S and L samples.
In order to set upper limits the Confidence Level method is used [10] . The signal region is defined as the mass interval within ±2σ of the B − mass where σ is the mass resolution. Because no evidence for a signal is found, upper limits are set by scanning across the m N window. The efficiency is highest for τ N of a few ps, then it decreases rapidly until τ N ∼ 200 ps when it levels off until τ N ∼ 1000 ps. After this value, the efficiency decreases to ∼ 0 because most of the decays happen outside of the vertex detector. The multi-dimensional plot of the upper limit on B(B − → π + µ − µ − ) is shown in Fig. 3 .
A model dependent upper limit on the coupling of a single fourth-generation Majorana neutrino to muons, |V µ4 |, for each value of m N , is calculated using an expansion of the formula used by Ref. [9] . The resulting 95% C.L. limit on |V µ4 | 2 is extracted as a function of m N and is shown in Fig. 4 . In particle physics, the term hidden-sector refers to the set of predicted particles that do not interact via the gauge boson forces of the SM. Interest in hidden-sector SM extensions has increased [11] due to the lack of any new TeV scale particles and missing evidence for a dark matter candidate that could solve the open questions in high energy physics [12] [13] [14] [15] [16] [17] [18] . As for the Majorana neutrino, coupling between the SM and hidden-sector particles may arise via mixing between the hidden-sector field and any SM field with an associated particle that is not charged under the electromagnetic or strong interaction. This mixing could provide a portal through which a hidden-sector particle, χ, may be produced when kinematically allowed. This proceedings will concentrate on the search performed by LHCb for a hidden-sector boson produced in the decay B 0 → K * 0 χ, with χ → µ + µ − and K * 0 → K + π − (throughout this proceedings, K * 0 ≡ K * (892) 0 ) [19] . As shown in Fig. 5 , the b → s transition is mediated by a top quark loop at leading order. For this reason, χ boson with a sizeable top quark coupling, e.g. obtained via mixing with the Higgs sector, could be produced at a substantial rate in such decays. The dataset used for this analysis is the same used for the Majorana neutrino search reported in the previous chapter.
The search is conducted, as outlined in Ref. [20] , by scanning the m(µ + µ − ) distribution for an excess of χ signal candidates over the expected background. The χ → µ + µ − decay vertex is 
, where the normalisation sample is taken from the prompt region. Figure 6 shows the K + π − µ + µ − control channel mass distribution for all prompt candidates that satisfy the full selection. An extended unbinned likelihood fit is performed on the control channel to the mass spectrum.
The m(µ + µ − ) distributions in both the prompt and displaced regions for candidates with an invariant mass that lies in a window of 50 MeV around the known B 0 mass are shown in Fig. 7 . The p-value of the no-signal hypothesis is 80%, showing no evidence for a hidden-sector boson. Because no signal events are found, Fig. 8 shows the upper limits on B(B 0 → K * 0 χ(µ + µ − )), relative to B(B 0 → K * 0 µ + µ − ), set at the 95% C.L. for different values of τ (χ). As the Figure shows , the limits become less stringent for τ (χ) 10 ps, as the probability of the dark boson decaying within the vertex locator decreases. The branching fraction B(B 0 → K * 0 µ + µ − ) = (1.6 ± 0.3) × 10 −7 [21] is used to obtain upper limits on B(B 0 → K * 0 χ(µ + µ − )), which are also shown in Fig. 8 . 
Conclusions
In these proceedings we have provided two examples of direct searches for light exotics in the LHCb detector. This shows how LHCb can make contributions in the intensity frontier searches for BSM physics, where light particles are rarely coupling to the SM filed. As an example, Fig. 9 shows the existing experimental limits for the mixing parameter |V µ4 | as a function of the Majorana neutrino candidate mass. It is striking that DELPHI was the last experiment to set a limit in the region of phase space above the charm quark mass. This means that LHCb is one of the few experiments, up to date, able to further constrain the phase space for this parameter.
